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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S103approximately 3 minutes per knee and produced reasonable contact
stress distributions, consistent with our previous reports (Fig. 2).Figure 2. 3D models of the knee bones registered to a raw WBCT image.
The inset shows the resulting DEA-computed contact stress distribution.Conclusions: The integration of cone beam CT capabilities into a rela-
tively inexpensive (compared to standard CT), upright, small footprint
device has the potential to shift the diagnostic and treatment paradigm
by introducing low-doseWBCTof the knees to the clinic. In-clinicWBCT
also provides groundbreaking opportunities to incorporate contact
stress assessments of patients’ knees. The accuracy of the WBCT-based
contact stress estimates remains to be established and is the subject of
ongoing study.
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DO DECREASED MEDIAL COMPARTMENT CONTACT FORCES AND
LOADING ASYMMETRIES EXIST AFTER ANTERIOR CRUCIATE
LIGAMENT RECONSTRUCTION AND REHABILITATION? – A 5 YEAR
FOLLOW-UP STUDY
A. Khandha, E. Gardinier, J. Capin, K. Manal, L. Snyder-Mackler,
T. Buchanan. Univ. OF Delaware, Newark, DE, USA
Purpose: An anterior cruciate ligament (ACL) injury leads to long-term
knee osteoarthritis (OA), in as many as 50 % of the patients. Decreased
joint loading in the ACL-deﬁcient knee and asymmetric joint loading
have been suggested as potential reasons for OA development. While
anterior cruciate ligament reconstruction (ACLR) surgery and rehabil-
itation help restore knee stability, there is lack of clear evidence to
support their role against OA development. Evaluating medial com-
partment contact forces and their distribution in the ACL-reconstructed
knee and the contralateral knee can verify whether decreased joint
loading and loading asymmetries prevail after ACLR and rehabilitation.
Hence, the purpose of this study was to evaluate medial compartment
contact forces in ACLR subjects 5 years post-operatively.
Methods: Ten subjects (5 females, 5 males, Age: 32  12 years) with
unilateral ACL injuries participated in the study. All subjects were
actively involved in cutting and pivoting activities prior to injury. Each
subject underwent ACLR and rehabilitation; all surgeries were per-
formed by the same orthopedic surgeon using either an allograft or a
hamstring autograft. Subjects with repairable meniscal tears, full-
thickness chondral defects > 1 cm2 and symptomatic grade III injury to
other knee ligaments were excluded from the study. All subjects were
tested after resolution of effusion, pain and range-of-motion impair-
ment. The testing protocol included gait and electromyography (EMG)
analysis. Patients maintained a self-selected walking speed throughout
each testing session. Kinematic parameters were recorded using an 8-
camera video system (Vicon, Oxford Metrics Limited, London, UK) and
kinetic parameters were recorded using a force platform (Bertec Cor-
poration, Worthington, OH). Surface-EMG recordings (Motion Lab Sys-
tems, Baton Rouge, LA) were collected from 7muscles crossing the knee
joint, for both limbs. The muscles included medial/ lateral vasti, rectus
femoris, semitendinosus, long head of biceps femoris, and medial/lateral gastrocnemii. The peakmedial compartment contact forces were
computed using a validated Hill-type EMG-driven musculoskeletal
model, which was anatomically scaled and calibrated for each subject.
The peak medial compartment contact forces thus obtained were nor-
malized to body weight (BW) for each trial. Three trials per subject were
averaged for each limb. Twoway analysis of variance (ANOVA) was used
to examine changes in peak medial compartment contact forces in each
limb at three time points (Factors: Limb – Involved vs. Uninvolved, Time
Points – Before Intervention, 2 years post-operatively, 5 years post-
operatively). Minimum detectable change criteria were also applied in
order to identify true changes at follow-up visits.
Results: There was a signiﬁcant Limb x Time Point interaction (p ¼
0.012), indicating that the peak medial compartment contact force in
the limbs changed differently over time. The peak medial compartment
contact forces normalized to BW (Mean and standard deviation shown
in Figure) indicate that the peak value was signiﬁcantly lower in the
involved limb, before intervention (p ¼ 0.02). There were no signiﬁcant
differences between the involved and uninvolved limbs 2 and 5 years
post-operatively. Also, the peak medial compartment contact forces in
both limbs were signiﬁcantly lower 5 years post-operatively, compared
to the earlier time point (p ¼ 0.04).
Conclusions: In subjects with ACL injury, an asymmetric loading pat-
tern and lower medial compartment contact forces were observed in
the ACL-deﬁcient knee, prior to surgery. The results of the current study
indicate that loading asymmetries do not exist after ACLR and reha-
bilitation. However, the peak medial compartment forces were lower at
the 5 year time point. A lower medial compartment contact force in the
involved knee has been proposed to be detrimental to cartilage health,
resulting in cartilage deconditioning, thinning and ultimately OA.While
mechanisms causing OA after ligament injury have not been directly
established, evaluating medial compartment contact forces at post-
injury/post-surgery time points in conjunctionwith radiological indices
can provide valuable insight into the progression of OA over time.Acknowledgements:
Work supported by National Institutes of Health (P30 GM103333, R01
ARO46386, and R01 ARO48212)161
MUSCLE STRENGTH AND KNEE JOINT BIOMECHANICAL DIFFERENCES
BETWEEN SEXES AND OSTEOARTHRITIS SEVERITY
C.L. Hubley-Kozey, D.M. Ikeda, A. Kamat, J. Astephen-Wilson,
W.D. Stanish. Dalhousie Univ., Halifax, NS, Canada
Purpose: Decreased muscle strength has been implicated in the ini-
tiation and progression of knee osteoarthritis (OA) and quadriceps
strength is considered a greater risk factor in women than men. The
rationale in theory links strength and gait biomechanics. This study
aimed: i) to determine if differences in muscle strength between men
and women are altered by presence and severity of knee OA and ii) to
determine if muscle strength is correlated with gait biomechanical
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S104features that have been linked to OA progression and severity i.e. sag-
ittal and frontal plane moments.
Methods: 266 men and women aged 40 to 64 years old (79 no knee OA
(CON), 136 moderate medial compartment knee OA (MOD) and 51
severe medial compartment knee OA (SEV)) completed two maximum
isometric plantar ﬂexor, knee extensor and ﬂexor strength tests on a
Cybex dynamometer. Maximum torque over a 0.5 second window was
calculated and reported in Nm and normalized to body mass (Nm/Kg).
3D lower limb motion and ground reaction forces were recorded while
participants walked at self-selected speed along a 6-meter walkway.
Knee moments calculated from inverse dynamics were amplitude-
normalized to body mass (Nm/Kg). Peak knee adduction (KAM) and
ﬂexion (KFM) moments were calculated as well as shape and magni-
tude features for both moment waveforms using Principal Component
Analysis. Each participant’s waveforms were scored for each principal
component (PC). Two factor (group, sex) ANOVAs tested for main effects
and interactions inmuscle strength and gait features (a¼ 0.05). Pearson
correlations were calculated between each muscle strength measure
and each gait feature.
Results: Mean age was similar between groups (53-57 yrs), the CON
group had lower body mass index (26 Kg/m2) than OA groups (Mod ¼
31 and SEV ¼ 34Kg/m2) and MOD OA group had a lower total WOMAC
score than SEV (30 vs 36). There were group and sex main effects
(p<0.05) for knee ﬂexor and plantar ﬂexor strength; men were higher
than women and all three groups differed for normalized values (SEV-
<MOD<CON) but only SEV was lower for non-normalized values. There
were interactions (p<0.05) for knee extensor strength with no differ-
ences among groups for men, and regardless of group men were higher
than women in both OA groups. CON women were higher than SEV
women for non-normalized only. There was an interaction (p<0.05) for
the KAM feature that captured loading above bodymass throughout the
gait cycle (KAM PC1) with no difference among CON and MOD groups
for both sexes, but SEV women had the highest score. Group and sex
main effects were signiﬁcant for all other features except peak KFM
where only group was different (CON > OA groups). Most correlations
between strength and gait features were less than 0.03. The highest
correlations were between normalized knee extensor strength and i)
the KAM feature that captured the difference between ﬁrst peak and
amplitude in late stance (PC2,r¼ 0.45), ii) overall magnitude of the KFM
(PC1,r ¼ -0.42) and iii) the difference between knee ﬂexion and knee
extension moment during early to late stance (PC2,r ¼ 0.41). Normal-
ized knee ﬂexor strength was correlated with KFM PC1 (r ¼ 0.38) and
PC2 (r ¼ 0.36).
Conclusion: Systematic decreases in knee ﬂexor and plantar ﬂexor
strength with severity were found for both sexes, but knee extensors
had a differential decrease for OA women compared to men. Knee
moment features also had similar changes with severity for both sexes
except overall KAM magnitude was highest for both OA men groups.
Higher knee extensor and ﬂexor strength was related to a greater dif-
ference between early and late stance peaks in both KAM and KFM,
supporting an improved ability to unload the joint. Lower strength was
linked to more sustained KFM throughout stance. Since unloading the
joint has been associated with reduced risk of cartilage and symptom
progression, these results provide evidence of a mechanistic value for
knee muscle strength.
Funding from Canadian Institutes for Health Research (CHK)
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EFFECT OF KNEE REPLACEMENT ON KNEE KINEMATICS AND
MOMENTS DURING GAIT: A SYSTEMATIC REVIEW
L. Sosdian y, F. Dobson y, T.V. Wrigley y, K. Paterson y, K. Bennell y,
M. Dowsey z, P. Choong z, R.S. Hinman y. yCtr. for Hlth., Exercise and
Sports Med., Dept. of Physiotherapy, Sch. of Hlth.Sci., The Univ. of
Melbourne, Melbourne, Australia; z The Univ. of Melbourne, Dept. of
Surgery, St Vincent’s Hosp., Melbourne, Australia
Purpose: Knee arthroplasty (KA) procedures are recognised as an
effective treatment of knee joint osteoarthritis (OA). Gait abnormalities
are associated with knee OA, and often increase as disease severity and
knee pain worsen over time. Given that a major aim of KA is to
mechanically correct knee malalignment and optimise joint loading, it
is imperative that the effects of arthroplasty on frontal plane gait bio-
mechanics are evaluated. The primary aim of this systematic reviewwas
to evaluate effects of KA on frontal plane kinematic and kinetic
parameters of stance phase during gait. Secondary aims were toevaluate the effects of arthroplasty on sagittal plane parameters, and to
compare frontal and sagittal plane post-operative gait parameters to
those of a healthy reference group.
Methods: Electronic databases MEDLINE (PubMed), CINAHL and
SPORTdiscus (EBSCO), and Cochrane Library (Wiley) were searched
using a reproducible search strategy up until 26/09/13. Biomechanical
studies describing 3-dimensional gait analysis of patients pre- and post-
operatively following a KA were included. All study designs were eli-
gible provided that 3-dimensional motion analysis during unaided,
level walking was used to evaluate gait. Methodological quality was
assessed by two raters using the Downs and Black checklist.
Results: This review included 17 studies with an average patient age of
66.9 years, and follow-up times between 2 and 24 months following
surgery. Nine of the 17 studies included a healthy, asymptomatic control
group. Themajority of evidence in the frontal plane identiﬁed decreases
in the maximum knee adduction angle and external knee adduction
moment, but both an increase and a decrease in the knee adduction
moment impulse from pre-operative values. In the sagittal plane, both
increased and unchanged values for the maximum knee ﬂexion
moment and both decreased and unchanged values for knee ﬂexion at
initial contact were identiﬁed. In terms of quality, while most studies
performed well regarding reporting, all studies were at risk of selection
bias and most were at risk of attrition bias as there was insufﬁcient
information about participant recruitment, representativeness, and loss
to follow-up.
Conclusions: Frontal plane knee adduction angle and external knee
adduction moment results were consistent, but discrepancies were
observed with regards to the knee adduction moment impulse. Con-
ﬂicting sagittal plane gait biomechanics results between studies makes
it difﬁcult to discern which sagittal plane gait variables are impaired
before surgery and those that return to normal after surgery. This could
be a result of differences within the arthroplasty populations and future
studies should investigate and compare gait patterns between normal
weight, overweight, and obese patients following arthroplasty given the
prevalence of obesity amongst those undergoing arthroplasty, and
concerns regarding its effect on outcomes. Future studies should eval-
uate the effect of arthroplasty on peak varus angle and peak varus
angular velocity in order to evaluate potential long-term relationships
with knee alignment, joint loading, and prosthesis failure.
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DOES A HIGHER EXTERNAL KNEE FLEXION MOMENT AND
QUADRICEPS WEAKNESS PREDICT PATELLAR CARTILAGE LOSS
OVER 2 YEARS FOLLOWING MEDIAL ARTHROSCOPIC PARTIAL
MENISCECTOMY?
M. Hall y, T.V. Wrigley y, B.R. Metcalf y, F.M. Cicuttini z, Y. Wang z,
R.S. Hinman y, A.R. Dempsey x, P.M. Mills k, D.G. Lloyd k, K.L. Bennell y.
yUniv. of Melbourne, Melbourne, Australia; zMonash Univ., Melbourne,
Australia; xMurdoch Univ., Perth, Australia; kGrifﬁth Univ., Gold Coast,
Australia
Aim: People following medial meniscectomy are 2.6 times more likely
to develop patellofemoral osteoarthritis as compared to healthy con-
trols. However, factors that contribute to this increased risk of patel-
lofemoral osteoarthritis remain largely unknown. Altered knee joint
extension moments during walking, indicative of patellofemoral load-
ing, as well as quadriceps weakness have been observed following
medial arthroscopic partial meniscectomy (APM) and may play a role in
the pathogenesis of patellofemoral osteoarthritis in this population. The
aim of this 2 year longitudinal study was to evaluate the hypothesis that
in people following a recent medial APM, a greater external knee ﬂexion
moment and weaker knee quadriceps strength would be associated
with a greater loss of patellar cartilage volume and greater deterioration
of patellar cartilage defects as measured on MRI.
Methods: 70 people with a medial APM (87% males; 41.4 5.:5yrs; 27.2
 4.1 kg/m2) were assessed 3-months following APM (baseline) and
reassessed 2 years later (follow-up). Baseline variables included the
external peak knee ﬂexion moment (KFM) during walking and iso-
kinetic eccentric and concentric quadriceps strength (60o/sec). MRI was
used to assess patellar structural indices including cartilage volume and
cartilage defects at baseline and 2-years later. Patellar cartilage volume
was assessed to the nearest :1mm3 using previously validatedmethods.
The percentage annual rate of cartilage volume change was determined
as: [((follow-up cartilage volume – baseline cartilage volume)/baseline
cartilage volume)/time between two scans in years) x 100], i.e. negative
